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ELECTRONIC DEVICE FOR
COMMUNICATING WITH EXTERNAL
DEVICE THROUGH USB INTERFACE AND
OPERATION METHOD THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based on and claims priority under 35
U.S.C. § 120 to PCT International Application No. PCT/
KR2022/011794, which was filed on Aug. 8, 2022, and
claims priority to Korean Patent Application No. 10-2021-
0128506, filed on Sep. 29, 2021, in the Korean Intellectual
Property Office, the disclosures of which are incorporated by
reference herein their entirety.

TECHNICAL FIELD

Various embodiments relate to an electronic device for
communication with an external device through a universal
serial bus (USB) interface and an operation method therefor.

BACKGROUND ART

A universal serial bus 2.0 (USB2) protocol is an interface
developed to standardize communication between a host
computer and peripheral devices communicatively coupled
to the host computer. The USB2 protocol is widely used in
various applications, in addition to data communication
between the host computer and the peripheral devices, for
example, storage communication, Bluetooth communica-
tion, touch sensor communication, a camera, wireless fidel-
ity (Wi-Fi), etc.

An embedded USB 2.0 (eUSB2), as an interface for
supplementing the specifications of USB2, was designated
through USB.org in 2014, and a specific type C (type-C)
USB-based eUSB specification was released in 2018. The
eUSB2 operates USB2 at a low voltage of substantially 1V
or substantially 1.2V rather than substantially 3.3V, thereby
increasing power efficiency and enhancing performance
related to integration of a system-on-chip (SoC) process
node and an interface controller.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

The eUSB2 may support, as an operation related to an
operation speed, high speed (HS), full speed (FS), and low
speed (LS) modes supported in USB2, and to this end, an
eUSB device supporting eUSB may include an HS mode
transceiver and a single-ended FS/LS mode transceiver.

The eUSB device may communicate with an external
device through a direct USB2 signal connection and may be
connected to a USB2 device through a separate eUSB2
repeater. The eUSB2 repeater may not only convert the level
of USB2 to a substantially 3.3V physical interface but also
convert the single-ended eUSB2 FS/LS signal into a USB2
FS/LS signal. When a chip of an external device or a host
having an eUSB2 interface is routed to a USB connector
through the eUSB2 repeater, a USB2 connection at all
speeds can be supported.

In a case of an electronic device to which an eUSB2
repeater is applied, even though an HS signal transmission
or reception is possible between an eUSB device and an
eUSB repeater, a signal between the eUSB device and the
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2

eUSB repeater also operates in an FS/LS mode correspond-
ing to an operation mode of an external device if the external
device not supporting eUSB2 is connected, which may lead
to unnecessary power consumption.

Accordingly, in a case of the electronic device to which
the eUSB2 repeater is applied, there is a need for a method
for reducing power consumption and reducing the complex-
ity of a circuit of the eUSB device by allowing an HS signal
to be transmitted or received between the eUSB device and
the eUSB repeater by using the HS mode transceiver,
regardless of the operation speed of the external device.

Various embodiments of the disclosure provide a method
for transmitting or receiving an HS signal between an eUSB
device and an eUSB repeater, regardless of an operation
speed of an external device, and an electronic device there-
for, in a case of the electronic device to which an eUSB2
repeater is applied.

Technical problems to be solved by the disclosure are not
limited to the technical problems mentioned above, and
other technical problems that are not mentioned may be
apparently understood from the description below by those
skilled in the art to which the disclosure belongs.

Technical Solution

According to various embodiments, an electronic device
includes: an application processor including a first embed-
ded universal serial bus (eUSB) device configured to per-
form an eUSB function, and a processor configured to
control the first eUSB device; and a repeater configured to
be electrically connectable between the first eUSB device
and an external device, wherein the processor is configured
to monitor to detect a connection (e.g., coupling) of the
external device to the electronic device, identify a mode
related to an operation speed of the external device, and
control a signal to be transmitted or received in a high speed
(HS) mode between the first eUSB device and the repeater,
based on the identification that the mode is a full speed (FS)
mode or a low speed (LS) mode.

According to various embodiments, an operation method
of an electronic device includes: monitoring to detect a
connection of an external device to the electronic device;
identifying a mode related to an operation speed of the
external device; and based on identification that the mode is
a full speed (FS) mode or a low speed (L.S) mode, control-
ling a signal to be transmitted or received in a high speed
(HS) mode between a first embedded USB (eUSB) device
configured to perform an eUSB function and a repeater
configured to be electrically connectable between the first
eUSB device and the external device, the first eUSB device
and the repeater being included in the electronic device.

According to various embodiments, a method includes:
monitoring, by an electronic device, to detect a connection
with an external device through an identification terminal
included in a connector of an electronic device; receiving,
from the external device, a signal having a pattern based on
a specified protocol and a synchronous (SYNC) pattern;
responsive to identifying that a mode of the external device
is one of a full speed (FS) mode or a low speed (LS) mode,
transmitting, from the electronic device to the external
device, an end-of-packet pattern and a SYNC signal having
a pattern corresponding to the mode of the external device;
responsive to receiving a reset signal, configuring, by the
electronic device, an operation mode of an embedded USB
(eUSB) device to operate in the HS mode; converting, by the
electronic device, a received HS mode signal to an FS mode
signal or an LS mode signal based on the mode of the
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external device; and transmitting, by the electronic device,
the FS mode signal or the LS mode signal to the external
device

Advantageous Effects

According to various embodiments, in an electronic
device, data is transmitted or received between an eUSB
device and a USB repeater in an HS mode, and thus, a circuit
included in the electronic device can be simplified.

According to various embodiments, in an electronic
device, data is transmitted or received between an eUSB
device and a USB repeater in an HS mode, and thus,
unnecessary current consumption in the electronic device
can be reduced.

Advantageous effects which can be achieved from the
disclosure are not limited to the advantageous effects men-
tioned above, and other advantageous effects that are not
mentioned may be apparently understood from the descrip-
tion below by those skilled in the art to which the disclosure
belongs.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an electronic device
in a network environment according to various embodi-
ments.

FIG. 2 is a block diagram illustrating the inside of an
electronic device connected to an external device through a
connector according to various embodiments.

FIG. 3A illustrates configuration of a physical circuit of a
normal eUSB2 device specified in the eUSB2 specification.

FIG. 3B illustrates configuration of a circuit of an eUSB2
device in a repeater and an eUSB device included in an
application (AP) processor from which an FS/LS transceiver
320 is omitted according to an embodiment.

FIG. 4 illustrates configuration of a USB repeater of an
electronic device according to various embodiments.

FIG. 5 is a flowchart illustrating a method of operation in
an electronic device according to various embodiments.

FIG. 6 is a flowchart illustrating a method of operation of
an electronic device according to various embodiments.

FIG. 7 is a flowchart illustrating a method of operation of
an electronic device according to various embodiments.

FIG. 8 illustrates a transmission interval of a signal
transmitted in an HS mode in an electronic device according
to various embodiments.

FIG. 9 illustrates comparison of transmission intervals, in
which a signal is transmitted in HS/FS/LS modes, and power
efficiency thereof in an electronic device according to vari-
ous embodiments.

With regard to the description of drawings, the same or
similar reference numerals may be used to indicate the same
or similar elements.

MODE FOR CARRYING OUT THE INVENTION

FIG. 1 is a block diagram illustrating an electronic device
101 in a network environment 100 according to various
embodiments. Referring to FIG. 1, the electronic device 101
in the network environment 100 may communicate with an
electronic device 102 via a first network 198 (e.g., a short-
range wireless communication network), or at least one of an
electronic device 104 or a server 108 via a second network
199 (e.g., a long-range wireless communication network).
According to an embodiment, the electronic device 101 may
communicate with the electronic device 104 via the server
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108. According to an embodiment, the electronic device 101
may include a processor 120, memory 130, an input module
150, a sound output module 155, a display module 160, an
audio module 170, a sensor module 176, an interface 177, a
connecting terminal 178, a haptic module 179, a camera
module 180, a power management module 188, a battery
189, a communication module 190, a subscriber identifica-
tion module (SIM) 196, or an antenna module 197. In some
embodiments, at least one of the components (e.g., the
connecting terminal 178) may be omitted from the electronic
device 101, or one or more other components may be added
in the electronic device 101. In some embodiments, some of
the components (e.g., the sensor module 176, the camera
module 180, or the antenna module 197) may be imple-
mented as a single component (e.g., the display module
160).

The processor 120 may execute, for example, software
(e.g., a program 140) to control at least one other component
(e.g., a hardware or software component) of the electronic
device 101 coupled with the processor 120, and may per-
form various data processing or computation. According to
one embodiment, as at least part of the data processing or
computation, the processor 120 may store a command or
data received from another component (e.g., the sensor
module 176 or the communication module 190) in volatile
memory 132, process the command or the data stored in the
volatile memory 132, and store resulting data in non-volatile
memory 134. According to an embodiment, the processor
120 may include a main processor 121 (e.g., a central
processing unit (CPU) or an application processor (AP)), or
an auxiliary processor 123 (e.g., a graphics processing unit
(GPU), a neural processing unit (NPU), an image signal
processor (ISP), a sensor hub processor, or a communication
processor (CP)) that is operable independently from, or in
conjunction with, the main processor 121. For example,
when the electronic device 101 includes the main processor
121 and the auxiliary processor 123, the auxiliary processor
123 may be adapted to consume less power than the main
processor 121, or to be specific to a specified function. The
auxiliary processor 123 may be implemented as separate
from, or as part of the main processor 121.

The auxiliary processor 123 may control, for example, at
least some of functions or states related to at least one
component (e.g., the display module 160, the sensor module
176, or the communication module 190) among the com-
ponents of the electronic device 101, instead of the main
processor 121 while the main processor 121 is in an inactive
(e.g., sleep) state, or together with the main processor 121
while the main processor 121 is in an active (e.g., executing
an application) state. According to an embodiment, the
auxiliary processor 123 (e.g., an image signal processor or
a communication processor) may be implemented as part of
another component (e.g., the camera module 180 or the
communication module 190) functionally related to the
auxiliary processor 123. According to an embodiment, the
auxiliary processor 123 (e.g., the neural processing unit)
may include a hardware structure specified for artificial
intelligence model processing. An artificial intelligence
model may be generated by machine learning. Such learning
may be performed, e.g., by the electronic device 101 where
the artificial intelligence model is performed or via a sepa-
rate server (e.g., the server 108). Learning algorithms may
include, but are not limited to, e.g., supervised learning,
unsupervised learning, semi-supervised learning, or rein-
forcement learning. The artificial intelligence model may
include a plurality of artificial neural network layers. The
artificial neural network may be a deep neural network
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(DNN), a convolutional neural network (CNN), a recurrent
neural network (RNN), a restricted Boltzmann machine
(RBM), a deep belief network (DBN), a bidirectional recur-
rent deep neural network (BRDNN), deep Q-network or a
combination of two or more thereof but is not limited
thereto. The artificial intelligence model may, additionally or
alternatively, include a software structure other than the
hardware structure.

The memory 130 may store various data used by at least
one component (e.g., the processor 120 or the sensor module
176) of the electronic device 101. The various data may
include, for example, software (e.g., the program 140) and
input data or output data for a command related thereto. The
memory 130 may include the volatile memory 132 or the
non-volatile memory 134.

The program 140 may be stored in the memory 130 as
software, and may include, for example, an operating system
(OS) 142, middleware 144, or an application 146.

The input module 150 may receive a command or data to
be used by another component (e.g., the processor 120) of
the electronic device 101, from the outside (e.g., a user) of
the electronic device 101. The input module 150 may
include, for example, a microphone, a mouse, a keyboard, a
key (e.g., a button), or a digital pen (e.g., a stylus pen).

The sound output module 155 may output sound signals
to the outside of the electronic device 101. The sound output
module 155 may include, for example, a speaker or a
receiver. The speaker may be used for general purposes,
such as playing multimedia or playing record. The receiver
may be used for receiving incoming calls. According to an
embodiment, the receiver may be implemented as separate
from, or as part of the speaker.

The display module 160 may visually provide informa-
tion to the outside (e.g., a user) of the electronic device 101.
The display module 160 may include, for example, a display,
a hologram device, or a projector and control circuitry to
control a corresponding one of the display, hologram device,
and projector. According to an embodiment, the display
module 160 may include a touch sensor adapted to detect a
touch, or a pressure sensor adapted to measure the intensity
of force incurred by the touch.

The audio module 170 may convert a sound into an
electrical signal and vice versa. According to an embodi-
ment, the audio module 170 may obtain the sound via the
input module 150, or output the sound via the sound output
module 155 or an external electronic device (e.g., an elec-
tronic device 102 (e.g., a speaker or a headphone)) directly
or wirelessly coupled with the electronic device 101.

The sensor module 176 may detect an operational state
(e.g., power or temperature) of the electronic device 101 or
an environmental state (e.g., a state of a user) external to the
electronic device 101, and then generate an electrical signal
or data value corresponding to the detected state. According
to an embodiment, the sensor module 176 may include, for
example, a gesture sensor, a gyro sensor, an atmospheric
pressure sensor, a magnetic sensor, an acceleration sensor, a
grip sensor, a proximity sensor, a color sensor, an infrared
(IR) sensor, a biometric sensor, a temperature sensor, a
humidity sensor, or an illuminance sensor.

The interface 177 may support one or more specified
protocols to be used for the electronic device 101 to be
coupled with the external electronic device (e.g., the elec-
tronic device 102) directly or wirelessly. According to an
embodiment, the interface 177 may include, for example, a
high definition multimedia interface (HDMI), a universal
serial bus (USB) interface, a secure digital (SD) card inter-
face, or an audio interface.
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A connecting terminal 178 may include a connector via
which the electronic device 101 may be physically con-
nected with the external electronic device (e.g., the elec-
tronic device 102). According to an embodiment, the con-
necting terminal 178 may include, for example, an HDMI
connector, a USB connector, an SD card connector, or an
audio connector (e.g., a headphone connector).

The haptic module 179 may convert an electrical signal
into a mechanical stimulus (e.g., a vibration or a movement)
or electrical stimulus which may be recognized by a user via
his tactile sensation or kinesthetic sensation. According to an
embodiment, the haptic module 179 may include, for
example, a motor, a piezoelectric element, or an electric
stimulator.

The camera module 180 may capture a still image or
moving images. According to an embodiment, the camera
module 180 may include one or more lenses, image sensors,
image signal processors, or flashes.

The power management module 188 may manage power
supplied to the electronic device 101. According to one
embodiment, the power management module 188 may be
implemented as at least part of, for example, a power
management integrated circuit (PMIC).

The battery 189 may supply power to at least one com-
ponent of the electronic device 101. According to an
embodiment, the battery 189 may include, for example, a
primary cell which is not rechargeable, a secondary cell
which is rechargeable, or a fuel cell.

The communication module 190 may support establishing
a direct (e.g., wired) communication channel or a wireless
communication channel between the electronic device 101
and the external electronic device (e.g., the electronic device
102, the electronic device 104, or the server 108) and
performing communication via the established communica-
tion channel. The communication module 190 may include
one or more communication processors that are operable
independently from the processor 120 (e.g., the application
processor (AP)) and supports a direct (e.g., wired) commu-
nication or a wireless communication. According to an
embodiment, the communication module 190 may include a
wireless communication module 192 (e.g., a cellular com-
munication module, a short-range wireless communication
module, or a global navigation satellite system (GNSS)
communication module) or a wired communication module
194 (e.g., a local area network (LAN) communication mod-
ule or a power line communication (PLC) module). A
corresponding one of these communication modules may
communicate with the external electronic device 104 via the
first network 198 (e.g., a short-range communication net-
work, such as Bluetooth™, wireless-fidelity (Wi-Fi) direct,
or infrared data association (IrDA)) or the second network
199 (e.g., a long-range communication network, such as a
legacy cellular network, a 5G network, a next-generation
communication network, the Internet, or a computer net-
work (e.g., LAN or wide area network (WAN)). These
various types of communication modules may be imple-
mented as a single component (e.g., a single chip), or may
be implemented as multi components (e.g., multi chips)
separate from each other. The wireless communication mod-
ule 192 may identify or authenticate the electronic device
101 in a communication network, such as the first network
198 or the second network 199, using subscriber information
(e.g., international mobile subscriber identity (IMSI)) stored
in the subscriber identification module 196.

The wireless communication module 192 may support a
5G network, after a 4G network, and next-generation com-
munication technology, e.g., new radio (NR) access tech-
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nology. The NR access technology may support enhanced
mobile broadband (eMBB), massive machine type commu-
nications (mMTC), or ultra-reliable and low-latency com-
munications (URLLC). The wireless communication mod-
ule 192 may support a high-frequency band (e.g., the
mmWave band) to achieve, e.g., a high data transmission
rate. The wireless communication module 192 may support
various technologies for securing performance on a high-
frequency band, such as, e.g., beamforming, massive mul-
tiple-input and multiple-output (massive MIMO), full
dimensional MIMO (FD-MIMO), array antenna, analog
beam-forming, or large scale antenna. The wireless commu-
nication module 192 may support various requirements
specified in the electronic device 101, an external electronic
device (e.g., the electronic device 104), or a network system
(e.g., the second network 199). According to an embodi-
ment, the wireless communication module 192 may support
a peak data rate (e.g., 20 Gbps or more) for implementing
eMBB, loss coverage (e.g., 164 dB or less) for implementing
mMTC, or U-plane latency (e.g., 0.5 ms or less for each of
downlink (DL) and uplink (UL), or a round trip of 1 ms or
less) for implementing URLLC.

The antenna module 197 may transmit or receive a signal
or power to or from the outside (e.g., the external electronic
device) of the electronic device 101. According to an
embodiment, the antenna module 197 may include an
antenna including a radiating element composed of a con-
ductive material or a conductive pattern formed in or on a
substrate (e.g., a printed circuit board (PCB)). According to
an embodiment, the antenna module 197 may include a
plurality of antennas (e.g., array antennas). In such a case, at
least one antenna appropriate for a communication scheme
used in the communication network, such as the first net-
work 198 or the second network 199, may be selected, for
example, by the communication module 190 from the plu-
rality of antennas. The signal or the power may then be
transmitted or received between the communication module
190 and the external electronic device via the selected at
least one antenna. According to an embodiment, another
component (e.g., a radio frequency integrated -circuit
(RFIC)) other than the radiating element may be additionally
formed as part of the antenna module 197.

According to various embodiments, the antenna module
197 may form a mmWave antenna module. According to an
embodiment, the mmWave antenna module may include a
printed circuit board, an RFIC disposed on a first surface
(e.g., the bottom surface) of the printed circuit board, or
adjacent to the first surface and capable of supporting a
designated high-frequency band (e.g., the mmWave band),
and a plurality of antennas (e.g., array antennas) disposed on
a second surface (e.g., the top or a side surface) of the
printed circuit board, or adjacent to the second surface and
capable of transmitting or receiving signals of the designated
high-frequency band.

At least some of the above-described components may be
coupled mutually and communicate signals (e.g., commands
or data) therebetween via an inter-peripheral communication
scheme (e.g., a bus, general purpose input and output
(GPIO), serial peripheral interface (SPI), or mobile industry
processor interface (MIPI)).

According to an embodiment, commands or data may be
transmitted or received between the electronic device 101
and the external electronic device 104 via the server 108
coupled with the second network 199. Each of the external
electronic devices 102 or 104 may be a device of a same type
as, or a different type, from the electronic device 101.
According to an embodiment, all or some of operations to be
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executed at the electronic device 101 may be executed at one
or more of the external electronic devices 102, 104, or 108.
For example, if the electronic device 101 should perform a
function or a service automatically, or in response to a
request from a user or another device, the electronic device
101, instead of, or in addition to, executing the function or
the service, may request the one or more external electronic
devices to perform at least part of the function or the service.
The one or more external electronic devices receiving the
request may perform the at least part of the function or the
service requested, or an additional function or an additional
service related to the request, and transfer an outcome of the
performing to the electronic device 101. The electronic
device 101 may provide the outcome, with or without further
processing of the outcome, as at least part of a reply to the
request. To that end, a cloud computing, distributed com-
puting, mobile edge computing (MEC), or client-server
computing technology may be used, for example. The elec-
tronic device 101 may provide ultra low-latency services
using, e.g., distributed computing or mobile edge comput-
ing. In another embodiment, the external electronic device
104 may include an internet-of-things (IoT) device. The
server 108 may be an intelligent server using machine
learning and/or a neural network. According to an embodi-
ment, the external electronic device 104 or the server 108
may be included in the second network 199. The electronic
device 101 may be applied to intelligent services (e.g., smart
home, smart city, smart car, or healthcare) based on 5G
communication technology or IoT-related technology.

FIG. 2 a block diagram illustrating the inside of an
electronic device 201 connected to an external device 202
through a connector according to various embodiments.

Referring to FIG. 2, the electronic device 201 may include
an application (AP) processor 210, a repeater 220, an
identification circuit 230, a memory 250 (for example, the
memory 130 of FIG. 1), and a connector 260 (for example,
the connection terminal 178 of FIG. 1) capable of a con-
nection with a connector 270 of the external device 202.

According to an embodiment, the external device 202
may include a USB device 280, and the USB device 280
may be configured to include a USB2 device 281 operating
according to a USB2 protocol and a controller 282 for
controlling the USB2 device 281.

According to an embodiment, the connectors 260 and 270
may transfer power to the inside or the outside of a device,
and/or transfer analog or digital data. According to various
embodiments, the connectors 260 and 270 may correspond
to connectors supporting USB type C (type-C), and the
electronic device 201 and the external device 202 may
transfer data to each other through the USB type C connec-
tors 260 and 270. According to various embodiments, the
connectors 260 and 270 may be other than USB type C, such
as USB type A, USB type B, and/or the like, including
combinations and/or multiples thereof.

According to various embodiments, as the connector 270
of the external device 202 is connected through the connec-
tor 260, the electronic device 201 may recognize a physical
connection of the external device 202. According to an
embodiment, the electronic device 201 may recognize the
connection of the external device 202 through the identifi-
cation circuit 230 (for example, a configuration channel
(CC) integrated circuit (IC)), based on a signal received
through at least one of multiple signal pins included in the
connector 260, for example, an identification terminal (e.g.,
a CC pin), and identify the external device 202. According
to an embodiment, the electronic device 201 and/or the
external device 202 connected through the USB type C
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connector may determine the roles of the electronic device
201 and the external device 202 based on information
recognized through the CC pin. According to an embodi-
ment, in the perspective of data transmission, the electronic
device 201 and/or the external device 202 may determine
whether to operate as a host device or a client device. That
is, when the electronic device 201 is a host device, the
external device 202 may be referred to as a client device, and
vice versa. In addition, the external device 202 may be
referred to as an accessory device accessible through the
connector 260 of the electronic device 201. For example,
when the external device 202 is an audio output device, the
external device 202 may correspond to a speaker, a head-
phone, or an earphone.

According to an embodiment, before the connector 270 of
the external device 202 is connected through the connector
260 of the electronic device 201, high and low signals (e.g.,
0V or VCC voltage) may be detected in the form of a toggle
according to a pull-up (Rp)/pull-down (Rd) resistor (Rp or
Rd) connected to the identification terminal of the electronic
device 201. When the connector 270 of the external device
202 is connected through the connector 260 of the electronic
device 201, a high signal may be detected from one device
through the identification terminal of the electronic device
201, and a low signal may be detected from the other device.
According to an embodiment, until the connector 260 and
the connector 270 are connected, the high or low signal may
be output in the form of the toggle, and after the connection,
the electronic device 201 operating as a host may maintain
a low voltage level through the CC pin, and the external
device 202 operating as a client may maintain a low voltage
level. This state may be maintained until detachment. When
the connector 270 is detached from the connector 260, the
signal may be detected again in the toggle form in which the
high signal and the low signal repeat.

The AP processor 210 may be configured to include a
processor 211 (for example, the processor 120 of FIG. 1) and
an eUSB2 device 212. The AP processor 210 may control an
operation of the electronic device 201 and/or a signal flow
between blocks of the electronic device 201, and may
perform a data processing function of processing data. The
AP processor 210 may be formed as a single core processor
or a multi-core processor.

The memory 250 may be electrically connected to the AP
processor 210, and may store various information and pro-
grams for data transmission or reception according to vari-
ous embodiments. For example, the program may include a
routine of detecting a connection of the external device 202
through the connector 260, a routine of identifying the type
of the external device 202 during the connection of the
external device 202, a routine of making a setting to perform
all operations corresponding to the identified external device
202, etc.

The eUSB device 212 may perform an operation accord-
ing to an eUSB2 protocol, and may be configured as a
system on chip (SoC) having logic. The eUSB2 device 212
may transmit and/or receives a signal to or from the repeater
220 in an HS mode, based the eUSB2 protocol. The eUSB
device 212 may receive a synchronous (SYNC) signal of the
external device 202 through the repeater 220, and identify
whether the operation mode of the external device 202 is an
HS mode or an FS/LS mode. The SYNC signals having
different patterns are transmitted according to the operation
mode of the external device 202, and accordingly, the
electronic device 201 may determine the operation mode of
the external device 202, based on the pattern of the SYNC
signal received from the external device 202. When the
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external device 202 is determined to operate in the HS mode,
the eUSB device 212 may operate according to the eUSB2
specification, and when the external device 202 is deter-
mined to operate in the FS mode or the LS mode, a specified
operation mode (speed mode) may be configured while a
repeated exchange of an end-of-packet (EOP) pattern and
the SYNC signal of the pattern corresponding to the opera-
tion mode of the external device 202 is performed through
an HS transceiver (e.g., an HS transceiver 330 of FIG. 3B)
of the eUSB device 212. For example, when the external
device 202 operates in the FS mode, in a case of eD-, the
toggle signal is transmitted as the SYNC signal according to
a determined pattern while eD+ remains a predetermined
voltage, and when the external device 202 operates in the LS
mode, in a case of eD+, the toggle signal is transmitted as the
SYNC signal according to a determined pattern while eD-
remains a predetermined voltage.

The eUSB device 212 may transmit a control message for
operating the eUSB2 device 222 of the repeater 220 in the
HS mode, and may configure the operation mode of the
eUSB device 212 as the HS mode. For example, for the
control message, a CM.reset message according to the
eUSB?2 specification may be used.

The eUSB device 212 may transmit and/or receives the
FS/LS mode signal to or from the external device 202
through the repeater 220 after the operation mode has is
completed to be configured as the HS mode.

The repeater 220 may include an eUSB2 device 222, a
USB2 device 223, and a controller 221 for controlling the
eUSB2 device 222 and the USB2 device 223, and may
perform conversion between an eUSB2 protocol signal and
a USB2 protocol signal. According to an embodiment, the
repeater 220 may convert an HS mode data signal (eD+/
eD-) of the eUSB2, received from the eUSB device 212,
into an FS/LS mode data signal (D+/D-) following a USB2
protocol, and output the converted signal to the external
device 202 through the connector 260. According to an
embodiment, the repeater 220 may convert the USB2 FS/LS
mode data signal (D+/D-) received from the external device
202 through the connector 260 into the eUSB2 HS mode
data signal (eD+/eD-), and transfer the converted signal to
the eUSB device 212.

The repeater 220 may exchange a signal having a pattern
based on the specified protocol and a synchronous (SYNC)
pattern with the external device 202. According to an
embodiment, the signal input from the external device 202
may be transferred to the eUSB device 212 through the
repeater 220. Different patterns of signals may be transmit-
ted according to the operation mode of the external device
202.

When the external device 202 is determined to operate in
the HS mode, the electronic device 201 may operate accord-
ing to the eUSB2 specification, and when the operation
mode of the external device 202 is the FS/LS mode, an
end-of-packet (EOP) signal and a signal having a pattern
corresponding to the operation mode of the external device
202 may be received through the eUSB device 212, and the
received signals may be transferred to the external device
202. For example, when the external device 202 operates in
the FS mode, in a case of eD-, the toggle signal may be
transmitted as a signal according to a determined pattern
while eD+ remains a predetermined voltage, and when the
external device 202 operates in the LS mode, in a case of
eD+, the toggle signal may be transmitted as a signal
according to a determined pattern while eD- remains a
predetermined voltage.
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According to an embodiment, the signal output from the
eUSB device 212 may be input to the eUSB2 device 222 of
the repeater 220, and the repeater 220 may transfer the signal
received through the eUSB2 device 222 to the external 202
through the USB2 device 223 of the repeater 220, and may
receive the signal received from the external device 202
through the USB2 device 223 and transfer the received
signal to the eUSB device 212.

The repeater 220 may receive a control message trans-
mitted from the eUSB device 212 through the eUSB2 device
222. For example, for the control message, a CM.reset
message may be used according to the eUSB2 specification.
After receiving the CM.reset message, the eUSB2 device
222 of the repeater 220 may be reconfigured to operate in the
HS mode. According to an embodiment, the operation mode
of the USB2 device 223 of the repeater 220 may be
maintained in the same manner as the operation mode of the
external device 202.

After the operation mode is completed to be configured as
the HS mode, the repeater 220 may receive the HS mode
signal received from the eUSB device 212 from the eUSB2
device 222 of the repeater 220, transfer corresponding data
to the USB2 device 223, based on the USB transceiver
microcell interface (UTMI)+ protocol, and control the con-
troller 221 to change the corresponding data according to the
FS/LS mode. The repeater 220 may transmit the converted
FS/LS mode signal to the external device 202 through the
USB2 device 223.

According to various embodiments, the eUSB device 212,
the repeater 220, the identification circuit 230, and the
processor 211 may be implemented as one IC chip, and at
least some of the components above may be configured as a
separate IC chip.

According to various embodiments, the electronic device
201 may include a processor (e.g., the processor 211) and a
memory 250 electrically connected to the processor, wherein
the memory 250 may store instructions which, when
executed, cause the processor to monitor the connection
with the external device 202, through the identification
terminal, and provide for a signal to be transmitted and/or
received between the USB device 212 and the repeater 220
in the HS mode when determination that the external device
202 is connected and operates in the FS/LS mode is made.

According to various embodiments, the instructions may
be configured to cause the processor to detect the connection
with the external device 202 through the identification
terminal included in the connector and then identify whether
a low or high signal according to toggling is detected while
the signal is fixed as the low or high signal, so as to monitor
the connection with the external device 202.

According to various embodiments, the instructions may
be configured to cause the processor to receive a signal input
from the external device 202 and identify whether the
operation mode of the external device 202 is the HS mode
or the FS/LS mode.

According to various embodiments, the instructions may
be configured to cause the processor to identify whether the
operation mode of the external device 202 is the FS/LS
mode, and transmit the end-of-packet (EOP) signal and the
SYNC signal having a pattern corresponding to the opera-
tion mode of the external device 202.

According to various embodiments, the instructions may
be configured to cause the processor to transmit a control
message for allowing the eUSB device 212 and the eUSB2
device 222 of the repeater 220 to operate in the HS mode,
configure the operation modes of the eUSB device 212 and
the eUSB2 device 222 of the repeater 220 as the HS mode,
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and then allow the signal to be transmitted or received
between the eUSB device 212 and the repeater 220 in the HS
mode.

According to various embodiments, at least some of the
operations of the electronic device may be implemented as
instructions stored in a storage medium in the form of a
program module (e.g., firmware).

In the description above, a case where an entity for
performing a control to monitor the connection with the
external device 202 and allow a signal to be transmitted or
received between the eUSB device 212 and the repeater 220
in the electronic device 201 in the HS mode when the
operation mode of the external device 202 is the FS/LS
mode is a processor 211 is described as an example, but the
entity for controlling the operation may be a controller (not
shown) included in the eUSB device 212, rather than the
processor 211.

FIG. 3A illustrates configuration of a physical circuit 300
of a normal eUSB2 device specified in the eUSB2 specifi-
cation.

Referring to FIG. 3A, the physical circuit 300 of the
normal eUSB2 device may be configured to include an HS
transceiver 310 for transmitting and/or receiving a signal in
an HS mode, an FS/LS transceiver 320 for transmitting
and/or receiving a signal in an FS mode/LS mode, and a
pull-up/pull-down resistor (Rpd).

According to an embodiment, the HS transceiver 310 may
be configured to include an HS transmitter 311 for trans-
mitting an HS mode signal, an HS receiver 312 for receiving
an HS mode signal, and a squelch detector 313 for deter-
mining the validity of a received signal.

According to the content specified in the eUSB2 specifi-
cation, when an external device (e.g., the external device
202) connected to an electronic device (e.g., the electronic
device 201) operates in the HS mode, the HS transceiver 310
may operate upon a control of a processor, and when
external device operates in the FS/LS mode, the FS/LS
transceiver 310 may operate upon a control of the processor.

In the eUSB2 specification, when the external device
operates in the FS/LS mode, it is specified that the eUSB2
device and a repeater transmit and/or receive a signal to or
from each other in the FS/L.S mode according to a USB2
protocol, instead of transmitting and/or receiving the signal
in the HS mode according to the eUSB2 protocol. The
eUSB2 device and the repeater may be configured to trans-
mit and/or receive a signal to or from each other in the HS
mode according to the eUSB2 protocol, regardless of the
operation speed of the external device. In this case, in the
configuration of the circuit 300 of the eUSB device in the AP
processor and the eUSB2 device in the repeater of FIG. 3A,
the FS/LS transceiver 320 does not need to operate, and thus,
the configuration of the circuit 300 can be simplified through
omission of the FS/LS transceiver 320.

FIG. 3B illustrates configuration of a circuit 301 of an
eUSB device 212 and an eUSB2 device 222 in a repeater
220 according to an embodiment.

Referring to FIG. 3B, the eUSB device 212 and the
eUSB2 device 222 in the repeater 220 according to an
embodiment may be configured not to include the FS/LS
transceiver 320 of FIG. 3A and to include an HS transceiver
330 for transmitting or receiving an HS mode signal, and a
pull-up/pull-down resistor (Rpd).

According to an embodiment, the HS transceiver 330 may
be configured to include an HS transceiver 331, an HS
receiver 332, and a squelch detector 333. According to an
embodiment, even though the external device transmits
and/or receives a signal in the FS/LS mode, the eUSB device
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of the AP processor and the eUSB2 device of the repeater
may operate to transmit and/or receive the HS signal through
the HS transceiver 330 upon a control of the processor. The
USB2 device of the repeater is configured as shown in FIG.
3 A, and thus, the signal output from the USB2 device of the
repeater to the external device may be transmitted in the HS
mode or the FS/LS mode according to the operation mode of
the external device.

FIG. 4 illustrates configuration of a repeater 220 of an
electronic device (e.g., the electronic device 201) according
to various embodiments.

Referring to FIG. 4, a repeater 220 may be configured to
include an eUSB2 device 421, a USB2 device 422, and a
controller 423.

The eUSB2 device 421 may be communicatively coupled
to a data line (eD+/eD-) connected to an eUSB device (e.g.,
the eUSB device 212 of FIG. 2), and may support an eUSB2
protocol. According to an embodiment, a circuit of the
eUSB2 device 421 may be configured not to include an
FS/LS transceiver as shown in FIG. 3B, and to include an
HS transceiver and a pull-up/pull-down resistor.

The USB2 device 422 may be communicatively coupled
to a data line (D+/D-) connected to the external device, and
may support a USB2 protocol.

The controller 423 may control the operations of the
eUSB2 device 421 and the USB2 device 422 according to a
control signal input from the eUSB device 212 through the
data line (eD+/eD-). According to an embodiment, the
controller 423 may configure the operation mode of the
eUSB2 device 421 as an HS mode, based on a protocol
message input from the eUSB device 212, and may control
the eUSB2 device 421 to convert the HS mode signal input
through the eUSB2 device 421 into the FS/LS mode corre-
sponding to the operation mode of the external device.
According to an embodiment, the controller 423 may con-
vert the FS/LLS mode signal input from the external device
through the USB2 device 422 into the HS mode signal to
transmit the converted signal to the eUSB2 device 212
through the eUSB2 device 421.

According to an embodiment, the eUSB2 device 421 and
the USB2 device 422 may be configured to transmit and/or
receive a signal, based on a UTMI+ protocol. According to
an embodiment, based on the UTMI+ protocol, according to
a control of the controller 423, an eUSB2 signal received
from the eUSB2 device 421 may be converted into a USB2
signal and transferred to the USB2 device 422, and a USB2
signal received from the USB2 device 422 may be converted
into an eUSB2 signal and transferred to the eUSB2 device
421.

According to various embodiments, an electronic device
201 includes: an application processor including a first
embedded universal serial bus (eUSB) device configured to
perform an eUSB function, and a processor configured to
control the first eUSB device; and a repeater configured to
be electrically connectable between the first eUSB device
and an external device, wherein the processor is configured
to monitor to detect a connection of the external device to
the electronic device, identify a mode related to an operation
speed of the external device, and control a signal to be
transmitted or received in a high speed (HS) mode between
the first eUSB device and the repeater, based on the iden-
tification that the mode is a full speed (FS) mode or a low
speed (LS) mode.

According to various embodiments, the repeater includes
a second eUSB device connected to the first eUSB device,
and a USB device configured to be connectable to the
external device, wherein the processor is configured to allow
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a signal to be transmitted and/or received between the first
eUSB device and the second eUSB device in the HS mode,
and allow a signal to be transmitted and/or received between
the USB device and the external device in the identified FS
mode or LS mode.

According to various embodiments, the processor may be
configured to convert an HS mode signal transmitted from
the first eUSB device to the repeater into a signal of the
identified FS mode or LS mode, so as to transmit the same
to the external device, and control the repeater to convert a
signal received from the external device into the HS mode
signal, so as to transfer the same to the first eUSB device,
based on the identified FS mode or LS mode.

According to various embodiments, the processor may be
configured to control the repeater to, based on a USB
transceiver microcell interface (UTMI)+ protocol, convert
the HS mode signal transmitted from the first eUSB device
to the repeater into a signal of the identified FS mode or LS
mode, and convert the signal of the FS mode or LS mode,
received from the external device, into the HS mode signal
so as to transfer the same to the first eUSB device.

According to various embodiments, the USB device may
include a first transceiver configured to transmit and/or
receive the signal of the FS mode or the LS mode, and a
second transceiver configured to transmit and/or receive the
HS mode signal, wherein each of the first eUSB device and
the second eUSB device is configured not to include the first
transceiver and is configured to include the second trans-
ceiver.

According to various embodiments, the processor may be
configured to transmit, to the external device from the first
eUSB device through the repeater, a synchronous signal
corresponding to the identified FS mode or LS mode, based
on the identification that the mode is the F'S mode or the LS
mode.

According to various embodiments, the processor may be
configured to transmit, to the external device from the first
eUSB device through the repeater, a synchronous signal
corresponding to the identified FS mode or LS mode by
using the second transceiver.

According to various embodiments, the processor may be
configured to identify a mode related to an operation speed
of the external device, based on a pattern of a synchronous
signal received from the external device.

According to various embodiments, the processor may be
configured to transmit a predetermined control message to
the first eUSB and the repeater to allow a signal to be
transmitted or received between the first eUSB device and
the repeater in the HS mode, based on the identification that
the mode is an FS mode or an LS mode.

According to various embodiments, the HS mode may
correspond to a mode of transmitting data during a first
interval in which data is transmitted, and operating in a
power saving mode during an interval remaining after
excluding the first interval.

FIG. 5 is a flowchart illustrating a method 500 of opera-
tion in an electronic device (e.g., the electronic device 201)
according to various embodiments.

Referring to FIG. 5, the method 500 may include opera-
tions 501 to 517. Each operation of the method 500 of FIG.
5 may be performed by control of a controller (not shown)
included in an electronic device (e.g., the electronic device
101 of FIG. 1 and the electronic device 201 of FIG. 2), at
least one processor (e.g., at least one of the processor 120 of
FIG. 1 or the processor 211 of FIG. 2) of the electronic
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device, or an eUSB device (e.g., 212 of FIG. 2), and a
controller 423 included in a repeater (e.g., 220 of FIGS. 2
and 4).

In operation 501, the electronic device 201 may monitor
to detect a connection with an external device 202 through
an identification terminal included in a connector of the
electronic device 201. According to an embodiment, after
the detection of the connection with the external device 202,
the electronic device 201 may identity whether a high or low
signal according to toggling is detected in a state in which
the high or low signal is fixed, so as to monitor the
connection with the external device 202.

In operation 503, the electronic device 201 may receive a
signal having a pattern based on a specified protocol and a
synchronous (SYNC) pattern, input from the external device
202, so as to identify whether the operation mode of the
external device 202 is an HS mode or an FS/LS mode.
According to an embodiment, the signal input from the
external device 202 may be transferred to the eUSB device
212 through the repeater 220. Different patterns of signals
are transmitted according to the operation mode of the
external device 202, and the electronic device 201 may
determine the operation mode of the external device 202,
based on the pattern of the signal received from the external
device 202.

When the external device 202 is determined to operate in
the HS mode, the electronic device 201 may operate accord-
ing to the eUSB2 specification, and accordingly, hereinafter,
exemplary embodiments of the disclosure are described
under the assumption that the external device 202 operates
in the FS mode or the LS mode.

In operation 505, the electronic device 201 having iden-
tified that the operation mode of the external mode 202 is the
FS/LS mode may be configured in a specified operation
mode (speed mode) while a repeated exchange of an end-
of-packet (EOP) pattern and a SYNC signal having a pattern
corresponding to the operation mode of the external device
202 is performed through an HS transceiver (e.g., an HS
transceiver 330 of FIG. 3B) of the eUSB device 212. For
example, when the external device 202 operates in the FS
mode, in a case of eD—, the toggle signal is transmitted as the
SYNC signal according to a determined pattern while eD+
remains a predetermined voltage, and when the external
device 202 operates in the LS mode, in a case of eD+, the
toggle signal is transmitted as the SYNC signal according to
a determined pattern while eD- remains a predetermined
voltage.

According to an embodiment, the signal output from the
HS transceiver (e.g., the HS transceiver 330 of FIG. 3B) of
the eUSB device 212 may be input to the eUSB2 device 421
of the repeater 220 and transferred to the USB2 device 422
of the repeater 220 through the HS transceiver (e.g., the HS
transceiver 330 of FIG. 3B) of the eUSB2 device 421.

In operation 507, the electronic device 201 may transfer,
to the external device 202, the signal transmitted in the
FS/LS mode through the FS/LS transceiver (e.g., the FS/LS
transceiver 320 of FIG. 3A) of the eUSB2 device 421 of the
repeater 220, and receive the signal received from the
external device 202. According to an embodiment, the signal
may include a synchronous pattern, a start-of-packet (SOP)/
EOP, etc. determined according to a protocol specification
for each operation mode (speed mode) according to each
USB operation speed.

In operation 509, the electronic device 201 may transmit
a control message for operating in the HS mode from the
eUSB device 212 to the eUSB2 device 421 of the repeater
220. For example, for the control message, a CM.reset
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message may be used according the eUSB2 specification.
After transmitting the CM.reset message, the electronic
device 201 may configure the operation mode of the eUSB
device 212 and the eUSB2 device 421 of the repeater 220 in
the HS mode. According to an embodiment, the operation
mode of the USB2 device 422 of the repeater 220 may be
maintained in the same manner as the operation mode of the
external device 202.

In operation 511, after the completion of configuring the
operation mode as the HS mode, the HS mode signal may be
transmitted from the eUSB2 device 421 of the repeater 220
to the eUSB device 212.

In operations 513 to 517, the electronic device 201 may
transmit and/or receives the FS/LS mode signal to or from
the external device 202. Specifically, in operation 513, the
eUSB device 212 may transmit the signal in the HS mode to
the eUSB2 device 421. In operation 515, the repeater 220
may convert the HS mode signal input to the eUSB2 device
421 into the FS/LS mode, based on the UTMI+ protocol, and
transmit the converted signal to the USB2 device 422. In
operation 517, the repeater 220 may transmit the converted
FS/LS mode signal from the USB2 device 422 to the
external device 202.

FIG. 6 is a flowchart illustrating a method 600 of opera-
tion of an electronic device 201 according to various
embodiments.

According to various embodiments, the electronic device
201 may operate in an HS/FS/LS mode upon supporting of
an eUSB2 protocol, and an external device 202 connected to
the electronic device 201 may operate in an HS mode or an
FS/LS mode. FIG. 6 illustrates a method 600 of operation of
the eUSB device 212, as an example, in a case where the
external device 202 operates in the FS/LS mode.

The method 600 may include operations 601 to 613. Each
operation of the method 600 of FIG. 6 may be performed by
an electronic device (e.g., the electronic device 101 of FIG.
1 and the electronic device 201 of FIG. 2), at least one
processor (e.g., at least one of the processor 120 of FIG. 1
or the processor 211 of FIG. 2) of the electronic device, or
an eUSB device (e.g., 212 of FIG. 2) upon a control of a
controller (not shown) included in the eUSB device (e.g.,
212 of FIG. 2).

In operation 601, the electronic device 201 may monitor
to detect a connection with the external device 202. Accord-
ing to an embodiment, after the detection of the connection
with the external device 202, the electronic device 201 may
identify whether a high or low signal according to toggling
is detected in a state in which the high or low signal is fixed,
so as to monitor the connection with the external device 202.

The electronic device 201 may receive, in operation 603,
a signal having a pattern based on a specified protocol and
a synchronous (SYNC) pattern, input from the external
device 202, and identify, in operation 605, whether the
operation mode of the external device 202 is an HS mode or
an FS/LS mode. According to an embodiment, the signal
input from the external device 202 may be transferred to the
eUSB device (e.g., 212 of FIG. 2) through the repeater (e.g.,
220 of FIG. 2). Different patterns of signals are transmitted
according to the operation mode of the external device 202,
and the electronic device 201 may determine the operation
mode of the external device 202, based on the pattern of the
signal received from the external device 202.

When the external device 202 is determined to operate in
the HS mode, the electronic device 201 may operate accord-
ing to the eUSB2 specification, and in FIG. 6, a description
is made under the assumption that the external device 202
operates in the FS mode or the LS mode.
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In operation 607, the electronic device 201 having iden-
tified that the operation mode of the external mode 202 is the
FS/LS mode may be configured in a specified operation
mode (speed mode) while a repeated exchange of an end-
of-packet (EOP) pattern and a SYNC signal having a pattern
corresponding to the operation mode of the external device
202 is performed through an HS transceiver (e.g., an HS
transceiver 330 of FIG. 3B) of the eUSB device 212. For
example, when the external device 202 operates in the FS
mode, in a case of eD—, the toggle signal is transmitted as the
SYNC signal according to a determined pattern while eD+
remains a predetermined voltage, and when the external
device 202 operates in the LS mode, in a case of eD+, the
toggle signal is transmitted as the SYNC signal according to
a determined pattern while eD- remains a predetermined
voltage.

In operation 609, the electronic device 201 may transmit
a control message for allowing the eUSB2 device 222 of the
repeater 220 to operate in the HS mode. For example, for the
control message, a CM.reset message may be used accord-
ing the eUSB2 specification.

In operation 611, after the CM.reset message is transmit-
ted, the electronic device 201 may configure the operation
methods of the eUSB device 212 and the eUSB2 device 222
of the repeater 220 as the HS mode.

In operation 613, after the completion of configuring the
operation mode as the HS mode, the electronic device 201
may transmit and/or receive an FS/LS mode signal with the
external device 202 through the repeater 222.

FIG. 7 is a flowchart illustrating a method 700 of opera-
tion of an electronic device according to various embodi-
ments.

According to various embodiments, an electronic device
201 may operate in an HS/FS/LS mode upon supporting of
an eUSB2 protocol, and an external device 202 connected to
the electronic device 201 may operate in an HS mode or an
FS/LS mode. FIG. 7 illustrates an operation of a repeater
220, as an example, in a case where the external device 202
operates in the FS/LS mode.

The method 700 may include operations 701 to 711. Each
operation of the method 700 of FIG. 7 may be performed by
an electronic device (e.g., the electronic device 101 of FIG.
1 and the electronic device 201 of FIG. 2), at least one
processor (e.g., at least one of the processor 120 of FIG. 1
or the processor 211 of FIG. 2) of the electronic device, or
a repeater 210 upon a control of a controller (e.g., 221 of
FIG. 2 and 423 of FIG. 4) included in the repeater (e.g., 220
of FIGS. 2 and 4).

In operation 701, the electronic device 201 may monitor
to detect a connection with the external device 202 through
an identification terminal included in a connector of the
electronic device 201. According to an embodiment, after
the detection of the connection with the external device 202,
the electronic device 201 may identity whether a high or low
signal according to toggling is detected in a state in which
the high or low signal is fixed, so as to monitor the
connection with the external device 202.

In operation 703, the electronic device 201 may receive a
signal having a pattern based on a specified protocol and a
synchronous (SYNC) pattern, input from the external device
202. According to an embodiment, the synchronous signal
input from the external device 202 may be transferred to the
eUSB device 212 through the repeater 220. Different pat-
terns of signals are transmitted according to the operation
mode of the external device 202, and the electronic device
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201 may determine the operation mode of the external
device 202, based on the pattern of the signal received from
the external device 202.

When the external device 202 is determined to operate in
the HS mode, the electronic device 201 may operate accord-
ing to the eUSB2 specification, and accordingly, hereinafter,
exemplary embodiments of the disclosure are described
under the assumption that the external device 202 operates
in the FS mode or the LS mode.

In operation 705, the electronic device 201 having iden-
tified that the operation mode of the external device 202 is
the FS/LS mode may transmit, to the repeater 220 through
an HS transceiver (e.g., an HS transceiver 330 of FIG. 3B)
of'the eUSB device 212, an end-of-packet (EOP) pattern and
a SYNC signal having a pattern corresponding to the opera-
tion mode of the external device 202, and the repeater 220
may receive the corresponding signal and transfer the same
to the external device 202. For example, when the external
device 202 operates in the FS mode, in a case of eD-, the
toggle signal is transmitted as the SYNC signal according to
a determined pattern while eD+ remains a predetermined
voltage, and when the external device 202 operates in the LS
mode, in a case of eD+, the toggle signal is transmitted as the
SYNC signal according to a determined pattern while eD-
remains a predetermined voltage.

According to an embodiment, the signal output from the
HS transceiver (e.g., the HS transceiver 330 of FIG. 3B) of
the eUSB device 212 may be input to the eUSB2 device 421
of the repeater 220, and the repeater 220 may transfer the
SYNC signal received through the HS transceiver (e.g., the
HS transceiver 330 of FIG. 3B) of the eUSB2 device 421,
through the USB2 device 422 of the repeater 220, and may
receive the signal received from the external device 202.
According to an embodiment, the signal may include a
synchronous pattern, an SOP/EOP, etc. determined accord-
ing to a protocol specification for each operation mode
(speed mode) according to each USB operation speed.

In operation 707, the electronic device 201 may receive a
CM.reset message transmitted from the eUSB device 212
from the eUSB2 device 421 of the repeater 220. For
example, for the control message, the CM.reset message
according the eUSB2 specification may be used. After
receiving the CM.reset message, the electronic device 201
may configure the operation mode of the eUSB2 device 421
of the repeater 220 in the HS mode. According to an
embodiment, the operation mode of the USB2 device of the
repeater 220 may be maintained in the same manner as the
operation mode of the external device 202.

In operation 709, after the completion of configuring the
operation mode as the HS mode, the electronic device 201
may receive, from the eUSB2 device 421 of the repeater
220, the HS mode signal received from the eUSB device
212, transfer the received data to the USB2 device 422,
based on the UTMI+ protocol, and change the corresponding
data to the FS/LS mode in the controller 423.

In operation 711, the electronic device 201 may transmit
the converted FS/LS mode signal to the external device 202
through the USB2 device 422.

FIG. 8 illustrates a transmission interval 800 of a signal
transmitted in an HS mode in an electronic device according
to various embodiments.

According to an embodiment, the electronic device may
change, to the HS mode, an operation mode of an eUSB2
device of a repeater connected to an eUSB device of an AP
processor while maintaining an operation mode of a USB2
port of a repeater connected to an external device in an
FS/LS mode according to an operation mode of the external
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device. Accordingly, as shown in FIG. 8, during a transmis-
sion interval of substantially 8 ms, an operation is performed
in an activated state (for example, an L0 state) in which data
is transmitted during substantially 125 us, and after the data
is transmitted, a link power management (LPM)-L.1 or [.2
mode corresponding to a power saving mode is maintained
during an interval remaining after excluding some time for
which a start of frame (SOF) is transmitted, whereby power
efficiency can be increased.

FIG. 9 illustrates comparison of transmission intervals
900, in which a signal is transmitted in HS/FS/LS modes,
and power efficiency thereof in an electronic device accord-
ing to various embodiments. A description of FIG. 9 is made
under the assumption that an external device operates in an
FS mode.

In FIG. 9, part (a) illustrates a case where a signal is
transmitted between a repeater and an eUSB device of an
electronic device in an FS mode according to the conven-
tional technology, part (b) illustrates a case where a signal is
transmitted between a repeater and an eUSB device of an
electronic device in an HS mode but an LPM-L1 mode
corresponding to a sleep mode is not applied, and part (c)
illustrates a case where a signal is transmitted in an HS mode
and an LPM-L1 is applied.

As shown in FIG. 9, in part (a), data is continuously
transmitted over a transmission interval of substantially 8
ms, in part (b), data is periodically transmitted for substan-
tially 125 us every substantially 1 ms, and in part (c), data
is transmitted for substantially 125 us of substantially 8 ms
and an LPM-L1/L2 mode is maintained for the most of the
transmission interval, according to an embodiment of the
disclosure. Accordingly, in part (c), about substantially 90
percent of a power efficient enhancement effect can be
achieved, compared to part (a).

According to various embodiments, an operation method
of an electronic device 201 includes: monitoring to detect a
connection of an external device to the electronic device;
identifying a mode related to an operation speed of the
external device; and based on identification that the mode is
a full speed (FS) mode or a low speed (L.S) mode, control-
ling a signal to be transmitted or received in a high speed
(HS) mode between a first embedded USB (eUSB) device
configured to perform an eUSB function and a repeater
configured to be electrically connectable between the first
eUSB device and the external device, the first eUSB device
and the repeater being included in the electronic device.

According to various embodiments, the repeater may
include a second eUSB device connected to the first eUSB
device, and a USB device configured to be connectable to
the external device, wherein a signal is transmitted or
received between the first eUSB device and the second
eUSB device in the HS mode, and a signal is transmitted or
received between the USB device and the external device in
the identified FS mode or LS mode.

According to various embodiments, the method may
further include: converting an HS mode signal transmitted
from the first eUSB device to the repeater into a signal of the
identified FS mode or LS mode, so as to transmit the same
to the external device; and converting a signal received from
the external device into the HS mode signal, so as to transfer
the same to the first eUSB device, based on the identified FS
mode or LS mode.

According to various embodiments, based on a USB
transceiver microcell interface (UTMI)+ protocol, the HS
mode signal transmitted from the first eUSB device to the
repeater may be converted into a signal of the identified FS
mode or LS mode, and the signal of the FS mode or LS
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mode, received from the external device, may be converted
into the HS mode signal so that the signal is transferred to
the first eUSB device.

According to various embodiments, the USB device may
include a first transceiver configured to transmit and/or
receive the signal of the FS mode or the LS mode, and a
second transceiver configured to transmit and/or receive the
HS mode signal, wherein each of the first eUSB device and
the second eUSB device is configured not to include the first
transceiver and is configured to include the second trans-
ceiver.

According to various embodiments, the method may
include transmitting a synchronous signal corresponding to
the identified FS mode or LS mode to the external device
from the first eUSB device through the repeater, based on the
identification that the mode is a full speed (FS) mode or a
low speed (LS) mode.

According to various embodiments, the transmitting of
the synchronous signal corresponding to the identified FS
mode or LS mode may include transmitting, to the external
device from the first eUSB device through the repeater, a
synchronous signal corresponding to the identified FS mode
or LS mode by using the second transceiver.

According to various embodiments, the identifying of the
mode related to the operation speed of the external device
may include identifying an operation speed of the external
device, based on a pattern of a synchronous signal received
from the external device.

According to various embodiments, the transmitting or
receiving of the signal in the HS mode may include trans-
mitting a predetermined control message to the first eUSB
and the repeater to allow a signal to be transmitted or
received between the first eUSB device and the repeater in
the HS mode, based on the identification that the mode is an
FS mode or an LS mode.

According to various embodiments, the HS mode may
correspond to a mode of transmitting data during a first
interval in which data is transmitted, and operating in a
power saving mode during an interval remaining after
excluding the first interval.

As described above, in an electronic device which sup-
ports an eUSB2 protocol and to which a repeater is applied,
a signal is transmitted between an eUSB SoC and an eUSB2
port of the repeater always in an HS mode, regardless of an
operation mode of an external device, whereby power effi-
ciency can be increased. In addition, a signal is transmitted
between the eUSB SoC and the eUSB2 port of the repeater
always in the HS mode, and thus, in configuration of a
circuit of the eUSB SoC and the eUSB2 port of the repeater,
the circuit can be simplified through omission of an FS/LS
transceiver.

One or more embodiments of the invention are described
with reference to the accompanying drawings, in which
various embodiments are shown. One or more embodiments
may, however, be embodied in many different forms, and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of embodiments of the invention to those
skilled in the art.

It will be understood that when an element is referred to
as being “on” another element, it can be directly on the other
element or intervening elements may be present therebe-
tween. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening
elements present.



US 12,001,378 B2

21

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, “a”, “an,” “the,” and “at least one”
do not denote a limitation of quantity, and are intended to
include both the singular and plural, unless the context
clearly indicates otherwise. For example, “an element” has
the same meaning as “at least one element,” unless the
context clearly indicates otherwise. “At least one” is not to
be construed as limiting “a” or “an.” “Or” means “and/or.”
As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
It will be further understood that the terms “comprises”
and/or “comprising,” or “includes” and/or “including” when
used in this specification, specify the presence of stated
features, regions, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, regions, integers, steps,
operations, elements, components, and/or groups thereof.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
element’s relationship to another element as illustrated in the
Figures. It will be understood that relative terms are intended
to encompass different orientations of the device in addition
to the orientation depicted in the Figures. For example, if the
device in one of the figures is turned over, elements
described as being on the “lower” side of other elements
would then be oriented on “upper” sides of the other
elements. The term “lower,” can therefore, encompasses
both an orientation of “lower” and “upper,” depending on
the particular orientation of the figure. Similarly, if the
device in one of the figures is turned over, elements
described as “below” or “beneath” other elements would
then be oriented “above” the other elements. The terms
“below” or “beneath” can, therefore, encompass both an
orientation of above and below.

“About” or “approximately” as used herein is inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10% or 5% of the
stated value.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

Embodiments are described herein with reference to cross
section illustrations that are schematic illustrations of ide-
alized embodiments. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
embodiments described herein should not be construed as
limited to the particular shapes of regions as illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, a region illus-
trated or described as flat may, typically, have rough and/or
nonlinear features. Moreover, sharp angles that are illus-
trated may be rounded. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
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intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

The electronic device according to various embodiments
may be one of various types of electronic devices. The
electronic devices may include, for example, a portable
communication device (e.g., a smartphone), a computer
device, a portable multimedia device, a portable medical
device, a camera, a wearable device, or a home appliance.
According to an embodiment of the disclosure, the elec-
tronic devices are not limited to those described above.

It should be appreciated that various embodiments of the
disclosure and the terms used therein are not intended to
limit the technological features set forth herein to particular
embodiments and include various changes, equivalents, or
replacements for a corresponding embodiment. With regard
to the description of the drawings, similar reference numer-
als may be used to refer to similar or related elements. It is
to be understood that a singular form of a noun correspond-
ing to an item may include one or more of the things, unless
the relevant context clearly indicates otherwise. As used
herein, each of such phrases as “A or B”, “at least one of A
and B”, “at least one of A or B”, “A, B, or C”, “at least one
of A, B, and C”, and “at least one of A, B, or C”, may include
any one of, or all possible combinations of the items
enumerated together in a corresponding one of the phrases.
As used herein, such terms as “1st” and “2nd”, or “first” and
“second” may be used to simply distinguish a corresponding
component from another, and does not limit the components
in other aspect (e.g., importance or order). It is to be
understood that if an element (e.g., a first element) is
referred to, with or without the term “operatively” or “com-
municatively”, as “coupled with”, “coupled to”, “connected
with”, or “connected to” another element (e.g., a second
element), it means that the element may be coupled with the
other element directly (e.g., wiredly), wirelessly, or via a
third element.

As used in connection with various embodiments of the
disclosure, the term “module” may include a unit imple-
mented in hardware, software, or firmware, and may inter-
changeably be used with other terms, for example, “logic”,
“logic block”, “part”, or “circuitry”. A module may be a
single integral component, or a minimum unit or part
thereof, adapted to perform one or more functions. For
example, according to an embodiment, the module may be
implemented in a form of an application-specific integrated
circuit (ASIC).

Various embodiments as set forth herein may be imple-
mented as software (e.g., the program 140) including one or
more instructions that are stored in a storage medium (e.g.,
internal memory 136 or external memory 138) that is
readable by a machine (e.g., the electronic device 101). For
example, a processor (e.g., the processor 120) of the
machine (e.g., the electronic device 101) may invoke at least
one of the one or more instructions stored in the storage
medium, and execute it. This allows the machine to be
operated to perform at least one function according to the at
least one instruction invoked. The one or more instructions
may include a code generated by a complier or a code
executable by an interpreter. The machine-readable storage
medium may be provided in the form of a non-transitory
storage medium. Wherein, the term “non-transitory” simply
means that the storage medium is a tangible device, and does
not include a signal (e.g., an electromagnetic wave), but this
term does not differentiate between where data is semi-
permanently stored in the storage medium and where the
data is temporarily stored in the storage medium.
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According to an embodiment, a method according to
various embodiments of the disclosure may be included and
provided in a computer program product. The computer
program product may be traded as a product between a seller
and a buyer. The computer program product may be distrib-
uted in the form of a machine-readable storage medium
(e.g., compact disc read only memory (CD-ROM)), or be
distributed (e.g., downloaded or uploaded) online via an
application store (e.g., PlayStore™), or between two user
devices (e.g., smart phones) directly. If distributed online, at
least part of the computer program product may be tempo-
rarily generated or at least temporarily stored in the
machine-readable storage medium, such as memory of the
manufacturer’s server, a server of the application store, or a
relay server.

According to various embodiments, each component
(e.g., a module or a program) of the above-described com-
ponents may include a single entity or multiple entities, and
some of the multiple entities may be separately disposed in
different components. According to various embodiments,
one or more of the above-described components or opera-
tions may be omitted, or one or more other components or
operations may be added. Alternatively or additionally, a
plurality of components (e.g., modules or programs) may be
integrated into a single component. In such a case, the
integrated component may still perform one or more func-
tions of each of the plurality of components in the same or
similar manner as they are performed by a corresponding
one of the plurality of components before the integration.
According to various embodiments, operations performed
by the module, the program, or another component may be
carried out sequentially, in parallel, repeatedly, or heuristi-
cally, or one or more of the operations may be executed in
a different order or omitted, or one or more other operations
may be added.

What is claimed is:

1. An electronic device comprising:

an application processor internally comprising both a first
embedded universal serial bus (eUSB) device config-
ured to perform an eUSB function, and a processor
configured to control the first eUSB device;

a repeater configured to be electrically connectable
between the first eUSB device and an external device;
and

an identification circuit separately coupled to the appli-
cation processor, the repeater, and the external device;

wherein the processor is configured to:

monitor to detect a connection of the external device to
the electronic device,

identify a mode related to an operation speed of the
external device, and

based on the identification that the mode is a full speed
(FS) mode or a low speed (LS) mode, control a first
signal to be transmitted or received in a high speed
(HS) mode between the first eUSB device and the
repeater by controlling the repeater to operate in the HS
mode through a reset signal and a second signal to be
transmitted or received between the repeater and the
external device in the identified FS mode or LS mode.

2. The electronic device of claim 1, wherein the repeater
comprises a second eUSB device connected to the first
eUSB device, and a USB device configured to be connect-
able to the external device, and

wherein the processor is further configured to:

allow the first signal to be transmitted or received between
the first eUSB device and the second eUSB device in
the HS mode, and
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allow the second signal to be transmitted or received
between the USB device and the external device in the
identified FS mode or LS mode.
3. The electronic device of claim 1, wherein the processor
is further configured to control the repeater to:
convert an HS mode signal transmitted from the first
eUSB device to the repeater into the second signal of
the identified FS mode or LS mode, and transmit the
converted second signal to the external device, and

convert the second signal received from the external
device into the HS mode signal, and transfer the
converted HS mode signal to the first eUSB device,
based on the identified FS mode or LS mode.

4. The electronic device of claim 3, wherein the processor
is further configured to control the repeater to:

based on a USB transceiver microcell interface (UTMID)+

protocol, convert the HS mode signal transmitted from
the first eUSB device to the repeater into the second
signal of the identified FS mode or LS mode, convert
the second signal of the FS mode or LS mode, received
from the external device, into the HS mode signal, and
transfer the same to the first eUSB device.

5. The electronic device of claim 2, wherein the USB
device comprises a first transceiver configured to transmit or
receive the second signal of the FS mode or the LS mode,
and a second transceiver configured to transmit or receive
the HS mode signal,

wherein each of the first eUSB device and the second

eUSB device is configured not to comprise the first
transceiver and is configured to comprise the second
transceiver.

6. The electronic device of claim 5, wherein the processor
is further configured to transmit, to the external device from
the first eUSB device through the repeater, a synchronous
signal corresponding to the identified FS mode or LS mode,
based on the identification that the mode is the FS mode or
the LS mode.

7. The electronic device of claim 6, wherein the processor
is further configured to transmit, to the external device from
the first eUSB device through the repeater, a synchronous
signal corresponding to the identified FS mode or LS mode
by using the second transceiver.

8. The electronic device of claim 1, wherein the processor
is further configured to identify the mode related to the
operation speed of the external device, based on a pattern of
a synchronous signal received from the external device.

9. The electronic device of claim 1, wherein the processor
is further configured to transmit a predetermined control
message to the first eUSB and the repeater to allow the first
signal to be transmitted or received between the first eUSB
device and the repeater in the HS mode, based on the
identification that the mode is the FS mode or the LS mode.

10. The electronic device of claim 1, wherein the HS
mode corresponds to a mode of transmitting data during a
first interval in which data is transmitted, and operating in a
power saving mode during an interval remaining after
excluding the first interval.

11. An operation method of an electronic device, the
method comprising:

monitoring to detect a connection of an external device to

the electronic device, the electronic device including an
application processor internally comprising both a first
embedded universal serial bus (eUSB) device and a
processor, wherein the electronic device includes an
identification circuit separately coupled to the applica-
tion processor, the repeater, and the external device;
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identifying a mode related to an operation speed of the

external device; and

based on the identification that the mode is a full speed

(FS) mode or a low speed (LS) mode, allowing a first
signal to be transmitted or received in a high speed
(HS) mode between a first eUSB device configured to
perform an eUSB function and a repeater configured to
be electrically connectable between the first eUSB
device and the external device by controlling the
repeater to operate in the HS mode through a reset
signal, the first eUSB device and the repeater being
included in the electronic device, and allowing a sec-
ond signal to be transmitted or received in the identified
FS mode or LS mode between the repeater and the
external device.

12. The method of claim 11, wherein the repeater com-
prises a second eUSB device connected to the first eUSB
device, and a USB device configured to be connectable to
the external device,

wherein the first signal is transmitted or received between

the first eUSB device and the second eUSB device in
the HS mode, and

wherein the second signal is transmitted or received

between the USB device and the external device in the
identified FS mode or LS mode.
13. The method of claim 11, further comprising:
converting an HS mode signal transmitted from the first
eUSB device to the repeater into the second signal of
the identified FS mode or .S mode, and transmitting
the converted second signal to the external device; and

converting the first signal received from the external
device into the HS mode signal, and transferring the
converted first signal to the first eUSB device, based on
the identified FS mode or LS mode.

14. The method of claim 13, wherein based on a USB
transceiver microcell interface (UTMI)+ protocol, the HS
mode signal transmitted from the first eUSB device to the
repeater is converted into the second signal of the identified
FS mode or LS mode, and the second signal of the FS mode
or LS mode, received from the external device, is converted
into the HS mode signal so that the HS mode signal is
transferred to the first eUSB device.

15. The method of claim 12, wherein the USB device
comprises a first transceiver configured to transmit or
receive the second signal of the FS mode or the LS mode,
and a second transceiver configured to transmit or receive
the HS mode signal,

wherein each of the first eUSB device and the second

eUSB device is configured not to comprise the first
transceiver and is configured to comprise the second
transceiver.

16. The method of claim 15, comprising transmitting a
synchronous signal corresponding to the identified FS mode
or LS mode to the external device from the first eUSB device
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through the repeater, based on the identification that the
mode is the FS mode or the LS mode, wherein the trans-
mitting of the synchronous signal corresponding to the
identified FS mode or LS mode comprises transmitting, to
the external device from the first eUSB device through the
repeater, a synchronous signal corresponding to the identi-
fied FS mode or LS mode by using the second transceiver.

17. The method of claim 11, wherein the identifying of the
mode related to the operation speed of the external device
comprises identifying the operation speed of the external
device, based on a pattern of a synchronous signal received
from the external device.

18. The method of claim 11, wherein the transmitting or
receiving of the signal in the HS mode comprises transmit-
ting a predetermined control message to the first eUSB and
the repeater to allow the first signal to be transmitted or
received between the first eUSB device and the repeater in
the HS mode, based on the identification that the mode is the
FS mode or the LS mode.

19. The method of claim 11, wherein the HS mode
corresponds to a mode of transmitting data during a first
interval in which data is transmitted, and operating in a
power saving mode during an interval remaining after
excluding the first interval.

20. A method comprising:

monitoring, by an electronic device, to detect a connec-

tion with an external device through an identification
terminal included in a connector of an electronic
device;
receiving, from the external device, a signal having a
pattern based on a specified protocol and a synchronous
(SYNC) pattern;

responsive to identifying that a mode of the external
device is one of a full speed (FS) mode or a low speed
(LS) mode, transmitting, from the electronic device to
the external device, an end-of-packet pattern and a
SYNC signal having a pattern corresponding to the
mode of the external device;

responsive to receiving a reset signal, configuring, by the

electronic device, an operation mode of an embedded
USB (eUSB) device to operate in the HS mode between
the eUSB and a repeater, wherein the electronic device
includes an application processor internally comprising
both the eUSB device and a processor configured to
control the eUSB device, and wherein the electronic
device includes an identification circuit separately
coupled to the application processor, the repeater, and
the external device;

converting, by the electronic device, a received HS mode

signal to an FS mode signal or an LS mode signal based
on the mode of the external device; and

transmitting, by the electronic device, the FS mode signal

or the LS mode signal to the external device.
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